We randomize the insurance premium for the SKY micro-health insurance program in rural Cambodia, allowing us to estimate the causal effects of health insurance on economic, health care utilization, and health outcomes. We nd that SKY insurance has its greatest impact on economic outcomes. SKY also changed health-seeking behavior, increasing the use of covered public facilities and decreasing the use of uncovered unregulated care, but had no detectable impact on preventive care. As expected due to low statistical power, we did not nd statistically signi cant impacts on health.
relation does not mean insurance worsens health.
To resolve this dif culty, we evaluate the health and economic effects of an NGOrun micro-health insurance program, Sokapheap Krousat Yeugn (SKY), on households in rural Cambodia using a randomized controlled trial. By randomizing the insurance premium, we induce variation in the likelihood of insurance take-up that allows us to estimate the causal effects of health insurance on three main categories of outcome: (1) economic outcomes, such as out-of-pocket medical spending and new debt to pay for health care; (2) health care utilization, such as timely utilization of curative care and substitution to public facilities from private health centers and traditional medicine; and
(3) health outcomes, such as frequency of major health shocks and stunting and wasting.
We nd that SKY has the greatest impacts on economic outcomes, as expected from an insurance program. For example, SKY decreased total health-care costs of major health shocks by over 40%, and households with SKY had over one-third less debt and over 75% less health-related debt. SKY also changed health-seeking behavior, increasing use of public facilities for serious health problems and decreasing the use of unregulated care. At the same time, SKY had no detectable impact on preventative care. We did not nd statistically signi cant impacts on health, but the short time horizon of the study and the smaller sample size for these outcomes meant that, a priori, we did not expect to have suf cient statistical power to measure health impacts.
While the economic bene ts are consistent with SKY's own expectations, the health care utilization and health outcomes are only partially so. We did not nd that insurance made households less likely to forgo care or, when they do seek care, to do so more promptly.
I. Previous Research
The few studies using randomization or natural experiments to establish causality typically nd that health insurance increases health care utilization; in some cases increased utilization also leads to detectable improvements in health. 1 The RAND Health Insurance Experiment (from 1974 to 1982) in the United States is the only large-scale randomized experiment examining the effects of health insurance on health and health care utilization to date. This experiment studied almost 4000 people in 2000 families. Some families were randomly assigned to a free care plan while others were assigned one of several plans that required varying copayments. The study found that those assigned to a cost-sharing plan sought less treatment than those with full coverage (e.g. Lohr et al. (1986) ; Manning (1987) ). Those with cost-sharing primarily forwent preventive visits to doctors and "elective" care such as mental health treatment as opposed to emergency care (e.g., Keeler (1992) ). For most health outcomes there were no bene ts from having full coverage (e.g. Brook et al. (1983) ). Health benets were found, however, for individuals with poor vision and for persons with elevated blood pressure. Importantly, the improvement in high blood pressure led to a statistically signi cant 10% reduction in mortality risk, apparently due to increased detection and treatment of high blood pressure among low-income households with free care (e.g., Keeler (1992) ).
Several other studies examine changes in insurance eligibility rules, using rigorous study designs such as comparing outcomes for individuals who are just eligible to those who just missed the eligibility cut-off. Across a variety of settings in the U.S. and Canada, expansions of health insurance coverage have consistently increased health care utilization (Fihn and Wicher (1988) ; Lurie et al. (1986) ; Lurie et al. (1984) ; Currie and Gruber (1996) ; Currie and Gruber (1996) ; Currie and Gruber (1997) ; Lichtenberg (2002) ; Card, Dobkin and Maestas (2007) ; Finkelstein (2005) ). Some studies nd important improvements in health (e.g., Hanratty (1996) ; Currie and Gruber (1997) ), others nd only modest or statistically insigni cant improvements (e.g., Card, Dobkin and Maestas (2007) ), and others evidence of no strong bene ts (e.g., Finkelstein and McKnight (2008) ).
Results are more mixed regarding the impact of health insurance on outcomes in poor nations. Most studies nd a negative relationship between insurance coverage and outof-pocket health expenditures (e.g., Jutting (2004), in Senegal; Jowett, Contoyannis and Vinh (2003) , in Vietnam; and Yip and Berman (2001) , in Egypt). In contrast, Wagstaff, et al., (2009) nd that, in China, out-of-pocket spending is the same or even higher for the insured than the uninsured. The authors posit that the institutional structure of healthcare in China, which favors increased utilization and substitution toward more expensive services and treatments, explains this surprising nding. Fewer studies look at health outcomes, though Wagstaff and Pradhan (2005) nd that a national voluntary health insurance program in Vietnam is correlated with increased health care utilization and increased height-for-age and weight-for-age measures for children and with an increased (that is, healthier) BMI for adults.
These studies in poor nations are useful, but are all subject to concerns that a very non-random group of people have health insurance. To our knowledge, no study of insurance in developing countries rigorously identi es the causal relationship between health insurance and health spending, health care utilization, or health outcomes.
If health insurance increases utilization of effective health care services, there is room for it to improve health in the poor area of Cambodia, where it is unfortunately common to forego care (World Bank (2006) ). Research has shown that the impacts of health insurance or changes in the price of health care on health are largest among the lowest income populations, for example, in the RAND health insurance experiment in the US, noted above (Manning (1987) ) and in the Indonesian Resource Mobilization Study (Dow et al. (1997) ). Wagstaff and Pradhan (2005) , however, nd smaller effects of insurance for low-income households than for other households in Vietnam.
While many studies have focused on the effects of insurance on health and out of pocket health expenditures, health insurance can also in uence longer-term economic outcomes. Health insurance may in uence a family's long-term economic well-being by preventing families from selling productive assets or increasing child labor to cover medical expenses.
Any increases in health can also lead to increases in productivity and income. For example, Thomas, et al., (2004) show that improving health via iron supplements has a signi cant positive effect on productivity for adults in Indonesia. Dow, et al., (1997) give evidence that, in Indonesia, higher prices for health care are associated with reduced labor force participation for women and lower wages for men.
The study of the impact of insurance on health utilization also ts into the emerging literature on demand for health and health care services. Insurance will only have an impact on utilization of health care services if demand for health is somewhat elastic. If households utilize health care even at high prices, then lowering the marginal price of insurance should not increase utilization of care. At the same time, because the SKY insurance program lowers the cost of public care as compared to other types of care, SKY may induce individuals to change health care provider (a stated goal of SKY).
Several recent studies and literature surveys have examined elasticity of demand for health care services. In a recent literature review, Dupas (2011) concludes that demand for coverage of acute illness is relatively inelastic (e.g., Cohen, Dupas and Schaner (2011) , as referenced in Dupas (2011) ). Access to credit has not been found to increase utilization of health services, possibly because households insure against health risks through social networks (Townsend (1994) and Robinson and Yeh (2011) , as referenced in Dupas (2011) ). Thus, we expect that SKY will not change the percentage who use health services following a major health shock, although it may cause those who do use health services after a major shock to make greater use of the public providers which it covers.
While households do not change utilization of health care services for some illness, they are often unable to cover the costs associated with major health shocks (Gertler (2002) and Fafchamps and Lund (2003) , as referenced in Dupas (2011) ). Families without access to credit may decrease investments in productive assets and otherwise jeopardize their future (Rosenzweig and Wolpin (1993) and Robinson and Yeh (2011) , as referenced in Dupas (2011)).
While demand for treatment of acute illness is inelastic, several studies nd that demand for preventative services such as bednets, water treatment, and deworming products, is very price elastic (Kremer et al. (2011); Cohen and Dupas (2010) ; Kremer and Miguel (2007) ; Abdul Lateef Jameel Poverty Action Lab (2011)), with a small decrease in cost producing a large increase in uptake. Thus, SKY, by decreasing the marginal price of preventative care, may increase this care, a secondary goal of the program.
II. The Setting

A. Health care in Cambodia
Cambodia is among the world's poorest and least healthy nations. It ranks 188 out of 229 nations in GDP per capita, has the 38th-highest infant mortality rate (of 224 countries with data), and the 46th-lowest life expectancy (Central Intelligence Agency (2010)).
Cambodians rely on a mix of healthcare providers: public providers, private medical providers, private drug sellers (with and without pharmaceutical training), and traditional healers.
Public facilities consist of local health centers for everyday illnesses, operational district referral hospitals for illnesses requiring more involved treatment, and provincial hospitals for care of more severe health shocks. Public facilities are subsidized by the Cambodian government or other organizations.
However, public facilities have low utilization. According to the 2005 Demographic and Health Survey (DHS), fewer than a quarter of those who sought treatment for illness or injury went to a public health facility. Private providers of varying capabilities are typically more popular than public ones, even when more expensive, because they often are more attentive to clients' needs, more available, visit patients in their homes, provide treatments patients prefer, and provide credit (Collins (2000) ; Annear (2006) ). Real or perceived quality of public facilities may also be a factor in low utilization of public facilities: a survey of clinics involved in the current study shows that only 24% had all required drugs in stock, 87% did not have soap available for staff handwashing, 21% did not have running water, and 55% had oors in need of mopping (2005)).
Major health shocks often contribute substantially to indebtedness and loss of land. For example, one study followed 72 households with a member who had suffered dengue fever following a 2004 outbreak in Cambodia. A year later, half the families still had outstanding health-related debt, with interest rates between 2.5% and 15% per month.
Several of the 72 families had found it necessary to sell their land to pay their debt. (Van Damme et al. (2004) ). Annear, et al., (2006) and Kenjiro (2005) found similarly high levels of indebtedness due to medical expenses.
B. SKY Health Insurance
Sokapheap Krousat Yeugn (SKY) micro-health insurance -the Khmer name means "Insurance for our Families" -was originally developed by Groupe de Recherche et d'Échanges Technologiques (GRET), a French NGO, as a response to high default rates among its micro-nance borrowers due to illness. Since 1998 GRET has been experimenting with micro-insurance schemes by examining responses to different premiums and bene ts. Historically, take-up of insurance has ranged from 2% in regions where insurance has been only recently introduced to 12% in the longest-served regions.
While the SKY program targets the poor, it also is trying to avoid nancial losses and become nancially sustainable (without donor support) in the long term. Thus, the policy includes several terms that limit adverse selection. For example, SKY does not pay for the delivery of babies within the rst few months of joining. Also, insurance is purchased at the household-level, eliminating the possibility that households would purchase insurance for only very ill or frail members. Finally, SKY insurance does not cover long-term care of chronic diseases. (Government programs pay for the very expensive drugs for HIV/AIDS and tuberculosis.)
At the time of the study SKY sold insurance at prices ranging from $0.50 per month for a single-person household to around $2.75 per month for a household with eight or more members. Households sign up for a six month cycle, paying for the rst month's coverage plus two reserve months up front. While a household can stop insurance payments at any time, failing to pay two consecutive months before the end of the six-month cycle results in the loss of one month of reserve. A household can join SKY at any time, but coverage will not begin until the start of the next calendar month. Households buying insurance for the rst time are offered slightly lower premiums to encourage take-up. With their insurance, household members are entitled to free services and prescribed drugs at local public health centers and at public hospitals with a referral (SKY (2009)).
III. Theory and Measurement
A. Economic impacts
The economic bene ts of insurance require both that the health insurer pay after a serious injury or illness, and that the family reduce expenditures on expensive private providers.
Health care expenditures arise precisely when the family has lost productivity and often income from one or more adult. For example, if a patient is hospitalized, other household members typically must provide meals and other care for the patient and may work less in order to have time to provide this care. The combination of low income and high expenditures can lead families to sell assets or take on debt. Market interest rates are high, so a loan often leads to asset sales at a later date.
We focus on serious health incidents, or "major health shocks", which we de ne as illnesses or injuries that lead to seven or more days of disability or to death. We hypothesize that when a major health shock occurs, insurance will lower the rate of selling assets and of taking on debt to pay for care.
We divide our economic impact measures into two categories: economic consequences of individual health incidents, and overall economic impacts to a household. ECONOMIC IMPACTS FOLLOWING A HEALTH SHOCK. -We use several outcomes to measure the impact of health insurance following a major health shock. The goal of insurance is not focused on mean expenditures, but a substantial reduction in the rate of very high expenditures. Thus, we look at economic behavior following only a major health shock.
To test whether SKY reduces out-of-pocket costs, we examine total out-of-pocket costs for health care (including transportation costs) following a major shock. Because insurance is most important for larger shocks, we also estimate whether insurance decreases the occurrence of costs exceeding 250 USD following a single incident (the top 10th percentile), or of costs exceeding 100 or 350 USD for a household (the top 35th and 10th percentiles, respectively).
To reduce out-of-pocket expenses, SKY must reduce the amount of money spent at expensive private providers and must pay for care at a public facility following a health shock. To test for this, we look at the impact of SKY on large out-of-pocket costs paid for private care and examine how often SKY pays for care for insured households.
If SKY lowers out-of-pocket expenses, households may be less likely to pay for care using costly means of payment. To test this, we examine how often health care expenses following a major health shock are covered by borrowing money, selling an asset, or raising money through extra work. If SKY increases health care or prompt utilization of quality health care, an ill individual may recover more quickly and may have fewer lost days of productive activity. We calculate the impact of SKY on the total number of days of missed activity for ill individuals.
OVERALL ECONOMIC IMPACTS ON HOUSEHOLDS. -If insurance is effective, we expect insured families to be less likely to take on new loans due to health care costs and less likely to sell land and other assets. In addition to testing for this at the incident level, we also look at these measures at the household level: Of all households, were insured households less likely to take out a loan or sell an asset in the past year due to health (not necessarily related to a major incident)? To increase precision we also run this analysis on the subsample of households that had a death or long-term disability during the year.
If uninsured households sell productive assets or withdraw children from school to help pay for care, the result is that a short-term health shock can lower long term productivity and worsen long-term poverty (Van Damme et al. (2004) ; Annear (2006) ; Jacoby and Skou as (1997); Smith (2005) ; Dupas (2011)). Conversely, if health insurance can prevent large out-of-pocket expenditures, it may promote the accumulation of productive physical and human capital. We look at impact of SKY on productive assets and school enrollment, although this study was not designed to be large enough to measure such bene ts unless they are very large.
B. Health-seeking Behavior SKY health insurance lowers the cost of health care at public facilities. Thus, we expect that health insurance will increase health care utilization at public facilities, especially if households were seeking too little care prior to insurance purchase.
We expect that most effects of health insurance arise when someone has a serious illness or injury. At the same time, insured households may also increase preventative care. We measure both types of impacts, described below.
HEALTH-SEEKING BEHAVIOR FOLLOWING A MAJOR HEALTH SHOCK. -Insurance can increase health-seeking behavior by reducing the cost of care following a health shock.
But if demand for health is relatively inelastic, as has been found in much of the recent health-demand literature, we may not see much increase in health care utilization, although insured households may shift from more costly private care towards SKY-covered care.
We also measure reduction in foregone health care and reduction in delayed care. One of SKY's principal goals is to reduce the share of families that forego necessary health care due to lack of funds. In our study, a sick household member is considered to have foregone care following an illness or injury if treatment was not sought, or was discontinued, due to cost. A concern in poor nations is that families delay treatment of illness due to costs. Thus, among serious incidents, we examine the effect of insurance on the number of days until rst treatment.
More important for effective treatment is that households are seeking quali ed health care in a timely manner. Thus, we also measure time until they were treated at a health care provider other than a drug-seller.
As noted above, health care in rural Cambodia is dominated by poorly trained private doctors and drug sellers. SKY's theory of success posits insured families will make less use of such caregivers. We thus examine the proportion of serious or costly incidents that used a drug seller, traditional healer (kru khmer), or private provider.
Public health care providers are the only providers that are regulated by the Cambodian government. By partnering with only public facilities, SKY encourages utilization of these regulated facilities. To test this, we look at (a) the percentage of individuals visiting a public facility as a rst treatment following a major health shock and (b) the percentage of individuals visiting a public facility at all following a major health shock.
OTHER HEALTH-SEEKING BEHAVIOR. -We also analyze foregone care for households as a whole, whether or not any member had experienced a major health shock. To measure this, households are asked whether a member has ever foregone care due to lack of funds. Insurance may increase care following a major health shock, but may also increase routine and preventative care. In general, having zero copay at public facilities may increase use of public health centers even in households without a major health shock. To test this, we examine use of a public provider in the three months prior to our household survey in households with or without a major health shock.
While immunizations and some other forms of preventive care in Cambodia are already free, many Cambodians have little exposure to the public health facilities that encourage and provide preventive care. Joining SKY -and thus using public facilities more -may increase preventive care. We test if SKY increases immunizations and modern contraception, and test whether SKY has any impact on birth-related outcomes such as ante-and postnatal care and location of birth.
C. Health Outcomes
Prompt and appropriate curative care, avoidance of harmful care from unquali ed providers, and increased preventative care will over time improve health. Unfortunately, it takes an extremely large multi-year study to detect such effects. Although this study was not designed to have much chance to measure such bene ts, we measure how SKY insurance affects objective measures of health such as frequency of major health shocks and children's stunting and wasting.
IV. Data and Methodology
Those who choose to purchase insurance typically differ markedly from those who decline insurance. To understand the causal effects of insurance we implemented a randomized controlled trial that allows us to identify the impact of health insurance independently from all other factors that may affect a household's decision to take up insurance.
No household was denied access to insurance. Rather, by subsidizing the premium of a randomly-selected group of households, we are able to estimate the effect of insurance on households without substantially altering the existing SKY program. When the SKY program rst rolls out into a region, SKY holds a village meeting to describe the insurance product to prospective customers. The meetings are advertised ahead of time via loudspeaker announcements in each village.
To randomize price of insurance, we implemented a lottery whose winners received a deeply discounted price: 5 months of free insurance in the rst 6-month cycle, with the option to renew for a second 6-month cycle with a coupon for 3 months free.
At the start of each meeting, an Evaluation Representative recorded the name of one representative of each household in attendance, and throughout the meeting, recorded the names of those arriving late.
SKY's Field Coordinator then described the product while the evaluation representative counted the number of households attending the meeting and determined the ap-propriate number of high and low coupons to be distributed. The number of 5-month coupons to be raf ed off was set equal to 20% of attendees for meetings of up to 60 households and equal to 12 for meetings of more than 60 households. The remaining households were entitled to a coupon for one month free in the rst 6-month cycle.
These high-and low-value coupons, printed on colored heavy-weight paper, were placed into an opaque bag.
At the end of the meeting, the eld coordinator announced that there would be a lottery and explained the coupons, pointing out that a coupon could only be used by the family who had won it. The names from the attendance list were called off one by one, and one representative from each family came to the front of the room to draw a coupon from the bag. High and low coupons were different colors, so that meeting attendees could see which type of coupon was drawn, but care was taken to ensure that coupon type could not be seen while drawing and that high and low coupons could not be identi ed by touch.
The outcome for each draw was recorded next to the person's name on the attendance sheet.
All households winning a high coupon were selected to be part of our survey sample.
Research eld staff also chose every fourth low-coupon household from the roster until they matched the number of high coupon winners.
Following the meeting, our staff and the village chief drew village maps with the location of the families chosen for our sample. SKY Insurance Agents then visited these households to offer them health insurance.
We encouraged members who received the steeply discounted offer to renew by offering additional discounts after the initial 12 months had passed.
B. Data
Our analyses use a longitudinal household survey and SKY data on membership. We chose our sample size to have 80% power to detect a feasible and economically important reduction in several important outcome measures. For example, we expected to have 80% power to detect a 2.6 percentage point reduction in the percentage of households spending over $1.25 on health care in the previous four weeks (compared to the 10.1% mean in the 2005 DHS), or a 2.0 percentage point increase in the number of households using a public facility in the past four weeks (compared to the 5.1% utilizing public facilities in 2005 DHS data).
Although we collected data on prenatal care, birth outcomes, anthropometric measures for children, and frequency of major illness or death, the evaluation was not designed to have statistical power to detect impacts on these measures. For example, using our sample, we calculated that we could detect a 3.5 percentage point decrease in the percentage of households reporting any illness in the last 4 weeks (compared to the baseline mean of 20.2% in DHS 2005 data). Using our actual survey measure of percent of individuals with an illness lasting more than 7 days, we have 80% power to detect a 2.6 percentage point decrease compared to the control of 10.2% reporting such an illness. Even with increases in utilization of public facilities, which may provide better care than unregulated treatment, we did not expect to see this level of change in the percentage reporting ill.
For prenatal care, birth outcomes, and anthropometric measures, we have data on only a small portion of our sample, so it becomes even harder to detect changes in outcomes.
HOUSEHOLD SURVEY. -Our main data source is a survey of over 5000 households.
We use some data from the rst-round baseline survey administered one to eight months after the village meetings, but we rely largely on the follow-up survey which took place a year later, that is, 13 to 20 months after the initial SKY marketing meetings.
The surveys cover demographics, wealth, objective health measures, health care utilization and spending, assets and asset sales, savings, debt, trust of health care institutions, and so forth. We ask households to describe health care utilization behavior following a major or costly health shock, which we de ne as a health incident causing a death, the inability to carry out usual household activities for seven or more days, or an incident causing an expense of over 100 USD. In most analyses we do not include behavior following a 100 USD health expense because households with SKY insurance would be less likely to fall into this category.
In each village we interviewed all households that were offered the steeply discounted price and an equal number of households that were offered the regular price. We selected the control households by choosing every fourth non-winner from the village meeting attendance list, as described above. In total, our randomized sample consists of 2617 households offered the deep discount and 2618 households offered the regular price, of which we interviewed 2561 and 2548 households, respectively, in the baseline survey, and 2502 and 2506 households, respectively, in the follow-up survey. Survey response rate and completion was almost identical between households that did and did not receive the deep discount. Figure 1 summarizes the timeline and sample size of the evaluation 2 .
Because there was a delay between the rst offer of insurance and the baseline survey, baseline survey results are not necessarily pre-insurance results. As a robustness check, we include "baseline" levels of some impact variables as controls. If insurance has already had an impact on households a few months after joining SKY, then the delay in the baseline will bias the estimated effects of insurance downwards. SKY MEMBERSHIP. -For each household that becomes a SKY member, SKY records the date that coverage begins, and, if applicable, the date the household drops out.
C. Estimation
INTENTION TO TREAT. -The randomization of prices allows us to answer the question, "What is the effect of offering insurance at a deeply discounted price?" This result can be calculated by simply comparing average outcomes for households that received the large discount (including those that chose not to buy even at the discounted rate) to households that did not receive this large discount.
IMPACT ON THE INSURED (TREATMENT EFFECT ON THE TREATED). -We can also estimate the effect of SKY insurance on households that purchased insurance due to the discount (the effect of the treatment on the treated population).
To estimate the effect of insurance on the insured, we cannot simply compare outcomes of the insured to the uninsured. If we estimate how SKY predicts each outcome Y for household i at time t with ordinary least squares: Thus, we instrument for SKY membership with the randomized treatment, with T i D 1 for those offered the steeply discounted price. Due to dropout over time, SKY membership was higher a few months after a village meeting than several months later for those offered the higher price. We therefore included as an instrument the offered price interacted with the number of months since the village meeting (Months it ):
(
Our survey collects data on major health shocks using respondent recall over the 12 month period immediately prior to the survey date. Thus, for incident-level outcomes, that is to say, outcomes that are a direct result of an individual health incident in month t, t is de ned as the month of the incident, Months it is de ned as the number of months between the village meeting and time t, and the instrument Months it T i is Months it multiplied by 1 if household i received a high coupon and 0 if the household received a low coupon. SKY status in month t, S K Y it , is de ned as a three-month average membership rate centered in month t, to account for imperfect recall of the timing of health incidents. Thus, S K Y it can take on the values 0, 1 3 ; 2 3 or 1. For example, for a health incident occurring t months after the village meeting, S K Y it equals 1 if household i was insured in months t 1, t, and t C 1, but equals 1 3 if the household was insured in only in month t 1.
Similarly, for birth outcomes, t is de ned as the month of the birth and Months it is de ned as the number of months between the village meeting and time t. S K Y it is again de ned as a three-month average membership rate centered in month t.
For all endogenous variables not related to a particular health incident or birth we dene Months it as the number of months between the village meeting and the date the variable was measured (the date of the follow-up survey). For outcomes measured by behavior in the three months prior to the interview, such as having visited a public facility (for any reason, whether or not related to an illness), we de ne S K Y it as average membership in the four months prior to the survey (again, to account for imperfect recall). For outcomes that take time to accumulate such as health-related loans, S K Y it is de ned as the share of the year prior to the interview that the household was a SKY member. The precise dating of membership never affected results.
Using our randomized price as an instrument estimates the effect of insurance on those households who purchase insurance due to the deeply discounted price. By de ning S K Y it at the time of an incident (or the other de nitions, above) and by including offer price interacted with months since the village meeting as an instrument, the "treatment on the treated" regression measures the impact of SKY on households that joined SKY and remained in SKY due to the large discount. For simplicity, we will often refer simply to the effect of SKY on the "insured" and contrast it with the control group (those without a high-value coupon), even though a small portion of the control group also purchased SKY.
The causal effect on this price-sensitive group -households that purchase insurance due to the deeply discounted price -is the local average treatment effect ("LATE"; Imbens and Angrist (1994)). In the discussion section we examine how our estimates may or may not generalize to other groups of rural Cambodians.
V. Results
A. Tests of Experimental Design
RANDOMIZATION. - Table 1 shows average characteristics of high and low coupon winners prior to the SKY meeting (for health shocks) or at the time of the rst round survey. Of the thirty variables tested, only three show a statistically signi cant difference between high and low coupon at the 5% con dence level. 14% of low coupon households have wealth level subjectively graded by enumerators as "poor", while only 10% of high coupon households are rated as "poor". Similarly, low coupon households are slightly more likely to live in a house made of palm, another measure of lower wealth.
Other wealth indicators did not show signi cant differences. Households offered a high coupon were also slightly less likely to be Khmer (as opposed to a minority ethnicity):
94.6% versus 95.3%, respectively.
We keep in mind these differences when interpreting results and, for some variables, we test whether holding rst round survey values constant affects our results.
ANALYZING MAJOR HEALTH SHOCKS. -We analyze a number of outcomes that measure behaviors following a major health shock. If insurance affects the probability of a major health shock, then for these measures we are no longer identifying the effect of insurance solely using the randomized price. For example, suppose a member of a household with SKY insurance gets sick, seeks care, and therefore misses seven days of work. At the same time suppose that an uninsured person with the same illness doesn't seek care and continues working. By our measure, the insured household will be counted as having a "serious" illness while the uninsured household would not. Behavior by the insured individual will be included in our measure, while that for the uninsured individual will not, causing bias in our results.
One factor that helps to reduce this potential bias is that SKY does not greatly increase the incentive to spend a week at the hospital. Even with SKY insurance, hospital stays require family members be present to handle some of the patient's care, including feeding. In addition, by the sixth day the marginal out-of-pocket cost of a hospital stay is zero even for the non-insured.
SKY members may also be less likely to have a death than non-SKY members because they may get better health care, but it is unlikely SKY would affect death rates by much over such a short time. We believe that neither of these factors will have a meaningful effect on the number of households from the insured and uninsured groups being classi ed by our measure as having a serious incident.
Consistent with our assumptions, the rates of major health shocks are almost identical in the high and low-coupon samples (Table 9 ). There are almost identical numbers of deaths for the treatment group (those offered the steeply discounted price) and the control group; both groups had average death rates of 0.007 and there was no statistically signi cant difference between them. The percentage of individuals who suffered health shocks requiring missed activity for seven or more days was 10.2% for both the treatment and control groups.
B. Summary statistics
Summary statistics for each outcome, subdivided into treatment and control means, are presented in each outcome table. Comparing outcomes for the treatment and control group provides the intention-to-treat estimates of the effects of distributing steep discounts.
C. First Stage
Our instrumental variables methodology requires that SKY membership be strongly correlated with our instrument (i.e., the steeply discounted price plus time since the village meeting). Figure 2 shows that this is in fact the case. For treatments, membership peaked at around 47% at month six , then steadily declined. For controls, membership did not change much over time, reaching only a slight peak of 3.3% at 20 months. Table   2 shows the rst-stage regression for incident-level data.
Recall that, for the incident-level data, S K Y it averages membership in the month of, the month prior to, and the month following the incident month t, and that Months it is de ned as the number of months between the village meeting and month t. First stages for the other speci cations are in the Web Appendix. All are similar to Table 2 and show similarly large effects of the treatment on SKY membership and similarly strong statistical signi cance.
D. Economic Effects of Insurance
ECONOMIC EFFECTS FOLLOWING A MAJOR HEALTH SHOCK. -We analyze total out-ofpocket costs following a serious (seven or more days unable to work) or fatal incident (Table 3) , and then examine how households paid for these expenses (Table 4 ).
To measure out-of-pocket costs, we top-coded each household's total health care expenditures for serious or fatal incidents at the 98th percentile (947 USD) to eliminate large outliers. We include both cost of treatment and cost of transport. The control mean cost for an incident is $103.81. The instrumental-variable estimate is that households that were induced by the large discount to purchase SKY and remained insured paid $45.79 less in care and transport for a serious or fatal incident (P < .05, Table 3 ). Summing over all incidents in the last twelve months, we estimate that households that purchased SKY due to the deep discount paid $57.80 less in care and transport for these major incidents compared to a control mean of $132.43, a decrease of 44% (P < 0.01). These results are driven by a decrease in treatment costs rather than transport costs (Polimeni and Levine (2011c) ).
It is important that much of the savings in out-of-pocket costs is due to fewer households incurring very high medical expenses. Cumulating out-of-pocket costs for each serious incident 3 , we found that 11% of incidents in control households had health care costs of over $250 and that insurance decreased this percentage by 8.6 percentage points (P < 0.01). 4 Moving to the household level (that is, cumulating across all incidents in the past year for a given household), the probability of an insured household spending over $350 is 5.0 percentage points lower than that of a control household (11.5%, P = 0.19), while the probability of an insured household spending over $100 is 10.9 percentage points lower than that of a control household (38.2%, P < 0.10).
SKY decreases costs in part by lowering the percentage of households paying for expensive private visits, but this effect is modest. The probability of an insured household spending over $5 at a private provider following a major health shock is 12.3 percentage points lower than that of a control household (61.9%, P < 0.05), while the probability of an insured household spending $150 is 7.0 percentage points lower than that of a control household (9.7%, P < 0.05). For private expenses, varying the cut-off for amounts up to $1000 sometimes made the difference insigni cant, but the insured had lower private expenses than the uninsured in all but one (statistically insigni cant) case.
SKY also can reduce costs by paying for public care, but this will only be the case if SKY actually covers the care people need. Households induced to buy SKY with the large discount are 43.8 percentage points more likely than other households to have a treatment paid for by SKY following a serious or fatal health shock (P < 0.001, Table   4 ).
SKY households are also 9.2 percentage points less likely to sell assets after a major health shock than control households, for whom the mean is 22.4% (P < 0.05, Table 4 ); 13.6 percentage points less likely to take out a loan with interest than control households, for whom the mean is 19.6% (P < 0.01); and 6.4 percentage points less likely to take out a loan without interest than control households, for whom the mean is 12.8% (P < 0.10).
SKY had no signi cant impact on the use of extra work to pay for health care expenses.
In results not shown, members of insured households who had major health shocks lose an average of 1.9 fewer days to illness than the control group average of 39.5 days, but the difference has very low statistical signi cance (P = 0.82). in all cases the IV regression showed that the insured had signi cantly lower spending than the uninsured. Cutoffs above $500 did not produce statistically signi cant results. OVERALL ECONOMIC IMPACTS ON HOUSEHOLDS. -Apart from analyzing the costs of each incident, we examined economic outcomes for households.
Consistent with insurance's expected effect of reducing out-of-pocket expenditures, we nd that households with SKY also have less debt. On average, insured households have $68 lower debt (P < 0.05), about one third of the mean for control households (Table   5 ). When we ask speci cally about loans for health, we learn that insured families have $22 less in such loans, a reduction of 77% compared to the control mean of $29 (P < 0.001) 5 .
Also as we expected, the lower debt for SKY members shows up only in households with a serious health incident or death: these households reduce debt by $89 compared to the control mean of $234.61 (P < 0.05, see Web Appendix). Households with no serious incidents have lower debt than households with a serious incident, with or without SKY, but among those with no serious incident, debt is not especially lower for insured households (results not shown).
Results were similar when we asked directly (in a different section of the survey) whether the household had more debt than the previous year due to health care costs or a birth. Households who bought insurance due to the high coupon were 7.7 percentage points less likely than control households (at 8.9%) to report an increase in debt due to health care costs or a birth (Table 5 , P < 0.01).
Looking at the impact of SKY on productive assets, the insured are less likely to report a reduction in land from the previous year, though the estimate is not statistically signi cant (Table 5 ). When we focus on a reduction in farmland or village land because of health, we estimate that no SKY members sold land due to ill health; the IV point estimate shows that households that purchased SKY were 1.6 percentage points less likely to sell land for health reasons compared to the control mean of 1.1% (P = .051) 6 .
Although this study was not designed to be large and long enough to be likely to mea-5 The large-valued coupon was worth around $1.65 x 8 for 12 months, equal to a total of $19.80 for high coupon households that joined for all 12 months. Insured households decreased health-related loans, compared to the control, by $22.32 (this is total health care loans, not loans in the last 12 months). Even if we assume that the coupon is equivalent to a direct income transfer of $19.80, this leaves insured households with $2.52 less in health care debt. 6 The effect size can be impossibly large in the linear probability model due to samping error among non-SKY households with high coupons. A similar issue arises for the impact of SKY on tetanus shots, presented below. sure the long-term accumulation of productive physical and human capital, that is what SKY donors hope to promote through health insurance. We therefore took note of any such effects we could discern. Our IV results show that SKY members had substantially higher value of livestock ($96.9 higher, compared to the baseline mean of $540, P < .05, Table 5 ). There is no difference in other asset classes: cash, gold, or non-farm businesses (not shown), or between the treated and control groups as a whole 7 . A wealth-index composed of the averaged z-scores of the value of cash, gold, animal, durable assets, and non-farm business shows a positive impact of SKY on wealth, but the effect is not statistically signi cant (P = 0.13, Table 5 ) 8 . As expected, economic impacts are generally larger on households with major health incidents than on households overall (see Web Appendix).
Our instrumental variable estimate is that insured households have a 4.6 percentage point higher fraction of school-aged children enrolled in school versus the baseline mean of 83.1% (Table 5 , P = 0.14). While provocative, the higher enrollment is not driven by households with major health incidents (see Web Appendix), and is therefore likely being driven by something other than SKY coverage. Future analyses will investigate this outcome in more detail.
E. Health Seeking Behavior
HEALTH SEEKING BEHAVIOR FOLLOWING A MAJOR HEALTH SHOCK. -For the impact of health insurance on forgone health care, our instrumental variables estimate is that households that purchased insurance due to the discount had a 3.2 percentage point reduction in discontinued treatment following a health shock compared to the control mean of 5.2%, but this difference is not statistically signi cant at conventional levels (Table 6 , P = 0.19). We also examine the number of days until rst treatment following a serious incident. Counter to expectations, insured individuals with a major health shock 7 We test some outcomes holding baseline constant in the Web Appendix. 8 To create this index, we created z-scores for each of the ve wealth values (cash, gold, animals, assets, business). Each z-score is equal to the value of the variable for the houshold, minus the mean of that variable over all households, divided by the standard deviation of that variable over all households. For each household, the wealth index averages the z-score for each of the ve variables. This is similar to a procedure used by Kling, Liebman and Katz (2005) . wait longer before their rst treatment than uninsured individuals and are less likely to receive care within a day (Table 6 ). However, this may be because the uninsured are seeking a different kind of treatment. That is, a household with insurance may wait two days until they have time to go to the doctor, while an uninsured household may seek immediate care at a local drugseller. Thus, it appears that the uninsured are seeking care sooner, but it may be a different -and possibly lower quality -type of care (results below).
More important than delay until treatment is delay until effective treatment. Thus, we also examine days until insured visited a health care provider other than a drug-seller (the measure includes visits to traditional healers). We top-coded this measure at 30 days, and coded those with no visit to a health care provider other than a drug-seller as having a delay at the top-coded value of 30 days. We also measure the percent of individuals with a major health shock who receive care at a health care provider other than a drugseller within a day of the incident. For both measures there was no signi cant difference between the baseline and those insured.
Insurance did have a signi cant effect on where a person received care during a serious health care incident (Table 7) . Speci cally, SKY insurance doubles the odds that a serious incident is rst treated at a public health center. Among the control, almost half of serious incidents were rst cared for at a private provider, 14% at a drug seller, 16% at a public hospital and 14% at a public health center. NGOs and kru khmer traditional healers make up the rest. SKY reduces the use of private providers and drug sellers as the rst source of care by 11 percentage points (P < 0.05) and 8 percentage points (P < 0.05), respectively, and increased the use of public health centers as the rst source of care by 18 percentage points (P < 0.001). The rates for public hospitals are not changed by economically or statistically signi cant amounts.
People with serious health incidents often receive care from multiple providers. Rates of using each type of provider at any point following a major health shock also shifted in favor of health centers: 18% among the ill in control households used a health center following a health shock, while the gure increased by 22 percentage points to 40% among those who bought SKY insurance (P < 0.001, see Web Appendix). Nearly twothirds of ill members in control households used a private provider following a major health shock; the 9 percentage point decline among those who bought SKY insurance is marginally statistically signi cant at the 7% level. There was a 9 percentage point decrease in the percent visiting a drug seller for care compared to 17.5% among the control group (P < 0.05).
OTHER HEALTH-SEEKING BEHAVIOR. -For health care in general (not necessarily following a major health shock), households that bought SKY insurance due to the large discount were 1 percentage point less likely to forgo care compared to the control mean of 0.9% (essentially indicating that the insured had no forgone care) but this impact was not statistically signi cant (see Web Appendix).
Respondents were also asked, "In the last three months, did you go to see a government doctor?" Contrary to SKY's theory of change, SKY membership does not increase the share of respondents who did so (see Web Appendix).
SKY also hoped to improve preventative care. Our results on preventative care have low statistical power because of the smaller sample size of children (for immunization measures) and women of reproductive age (for birth outcomes and contraception). With that caution in mind, there is no detectable effect on the proportion of children whose immunizations are up to date, or on the share of married women ages 16-45 using contraception or using modern contraception (see Web Appendix). Table 8 presents SKY impacts on birth-related outcomes. On the one hand, the insured are no more likely to receive antenatal care in general, and there was no signi cant impact on the percent receiving post-natal check-ups. On the other hand, the insured are much more likely to report having received at least one tetanus shot during pregnancy (P = 0.10, compared to the control mean of around 92.6%). 9
With or without insurance, 99% of births had a trained birth attendant, midwife, or doctor present at the birth. Insured women were slightly more likely to give birth under the care of a trained birth attendant or doctor, and slightly less likely to give birth with a midwife, but these differences are not statistically signi cant at traditional levels.
We do nd some difference in delivery location between insured and uninsured women.
Women in insured households were 21 percentage points more likely to give birth in a public facility (the control mean is 59%), although the difference is not statistically signi cant given the small number of births in our sample. Pooling births at a any kind of formal facility, public or private, insured women were 31 percentage points more likely to give birth there (P = 0.06, control mean is 64%). Women not giving birth in public or private facilities gave birth either at home, the forest, or somewhere else.
F. Health Outcomes
As mentioned previously, the percentage of individuals in treatment versus control households who suffered death or a health shock lasting 7 or more days was no different than the percentage in the control group (Table 9 ).
We also found that SKY insurance had no detectable effect on objective measures of children's health (BMI, height-for-age, and weight-for-age) ( Table 9 ), but we cannot make much of this nding because our study was not designed to have much chance to measure such bene ts.
VI. Robustness Checks
For many of the outcomes above, we ran tests on several sub-groups, for example, only households with major health shocks or only those without. In some instances we included health incidents not only that resulted in a death or seven or more day illness, but also those incidents that did not meet those criteria but on which more than 100 USD was spent on care. We also varied the cutoff for some economic outcomes, testing the percentage of incidents or households with expenditures above $5, $50, $100, etc. In most cases these changes did not affect results; instances where they did are mentioned above. Changes in our de nition of S K Y it in equation 2 also did not change general results.
We also re-ran results using coupon status as an instrument for SKY purchase, rather than the interaction of coupon status and months since being offered SKY. These results were very similar to the main results, and are presented in the Web Appendix.
Our randomization tests showed that high coupon households were slightly richer at the start of our study, suggesting that pre-SKY differences may have in uenced our results. We test this for a few variables by including the value of the variable at the time of the rst round survey (see Web Appendix). While statistical signi cance decreased below the 5% level for some outcomes, the general results were the same. As noted above, because the rst round baseline survey was administered several months after the start of insurance, these results may be somewhat biased downwards.
To further analyze the data, we subdivided the sample to test outcomes on various sub-populations. We examined effects of SKY by region, age, gender, wealth, and whether the ill household member has a long-term disability. We also examined whether proximity to a higher quality public facility in uences the impact of SKY. We found that the impact of SKY on loans and health-related loans is largest for households starting off with the lowest value of assets and smallest for those with the highest value of assets at the baseline, and that SKY seems to have a bigger impact on females than males in decreasing the percent stopping care due to no money. However, in general we did not have enough statistical power to nd statistical signi cance by sub-population and did not nd any statistically signi cant differences by other sub-categories. Results of these extensions are presented in Polimeni and Levine (2011c) .
VII. Conclusion
SKY has several goals. First, it is trying to shift rural Cambodians from unregulated private providers and drug sellers to the public system. It appears to be successful in this regard. SKY is also trying to reduce expensive private care and is having some success at that, though not as much as we had anticipated.
SKY aims to reduce delays prior to receiving quali ed care. We do not nd insured households showing less delay in seeking rst care than control households. However, this lack of effect may be because the uninsured are providing their own rst care by buying medications from unquali ed drug-sellers, which can be quicker and more convenient than seeking care from a quali ed provider. As our measure of delay until treatment cannot distinguish between treatment at a quali ed or unquali ed provider, it is possible that SKY does reduce the delay in getting care from quali ed providers, even though we are not picking up this effect.
SKY hoped that higher exposure to health messages at public health centers would increase the use of preventive measures such as immunizations and prenatal care. We do not nd evidence of these effects, perhaps in part because some forms of preventative care, such as vaccines, are already free.
As in the general literature, it easier to detect changes in health care utilization than improvements in health. The sample size and timeframe of our study meant that we did not have statistical power to detect meaningful improvements in health. Thus, while we nd no signi cant impacts of SKY on health, we cannot draw any conclusions from this result. One the one hand, it is possible that SKY indeed has no impact on health:
Treatment at public facilities is often a replacement for other types of care (private or drug sellers). Treatment at public facilities may not actually improve health compared to treatment at other facilities, or if care is poor enough, may not improve health at all. On the other hand, even if public health centers are better than these other types of care and truly do improve health, they may not represent a big enough improvement in quality to cause a measurable difference over our short time horizon and using our survey sample.
But health insurance is primarily designed to protect against economic loss, not to improve health and health care. The effects of SKY were typically larger on economic outcomes than on utilization. SKY reduced total medical expenses following a major health shock, largely due to a lower percentage of households with large expenses. SKY households also accumulated less debt due to health problems and were less likely to sell productive assets to pay for a large shock. Insured households were less likely to sell land to pay for a health issue, and had higher overall values of livestock than uninsured households.
Most families eventually have a serious health care shock. Our results suggest that many uninsured households will take on debt to pay for health care at some point in their lives. A substantial minority of those uninsured households will also sell productive assets such as land. SKY health insurance cuts the rates of these events by about a third.
Importantly, the overall savings to insured households compare favorably with the cost of insurance for these households. On average, households pay 1.65 USD per month (taking into account average household size of SKY buyers), or 19.80 USD for a year of membership. Our calculations show a decrease in expenditures of 57.80 USD over the last 12 months for insured households (Table 3) , and even higher reductions using uncensored results. Thus, assuming the value of SKY to a consumer equals averted out-of-pocket costs (ignoring any social cost, and any added or subtracted value of using a public facility over an alternative form of care or no care), the value outweighs the cost of insurance for the insured. If private care or self treatment via drug sellers is actually harmful, then our estimates of value to SKY members is an underestimate, as we are not including any value of averting private care. In addition, this calculation of bene ts does not include any averted interest payments due to decreased loans for health care.
Conversely, if public care is harmful, our estimates of bene ts are an overestimate.
Our study examines a group of households in rural Cambodia that are similar to the general population in age, education, and other demographic characteristics of households in rural areas of Cambodia. To that extent, results may generalize well to the rest of rural Cambodia. At the same time, SKY partners only with health facilities that are above average quality. The impact of a community-based health insurance scheme would most likely be worse in areas where health facilities are of lower quality.
Also, as noted above, using our randomized price as an instrument estimates the effect of insurance on the roughly one-third of households who purchase insurance due to the deeply discounted price. This price-sensitive group is relevant for business and public policy, as these customers are probably the most likely to purchase insurance if there were a greater subsidy, successful new marketing techniques, and so forth. However, the effects of insurance on this group are probably not representative of the effects of insurance on the entire population. For example, a companion paper (Polimeni and Levine (2011a) ) demonstrates substantially more self-selection among the 4% of the population who paid full price for SKY insurance than for the larger group who bought insurance only at a deeply discounted price. To the extent those who anticipate the greatest bene ts of insurance buy insurance even at the full price, their bene ts from insurance will be higher than our estimates.
Conversely, those who decline insurance even with the steep discount may correctly expect low bene ts, perhaps because they are unlikely to need health care or because they live far from high-quality public facilities. In that case, the never-buying group would have fewer bene ts from insurance than our estimates. At the same time, if the main barrier to uptake is low understanding of the bene ts of western medicine or extreme poverty, those who decline insurance even with a steep discount would have as high or higher bene ts as those who purchase with the discount. It is dif cult to be sure how expansion to universal insurance would affect this part the population; as time goes on, understanding of insurance probably rises, which may affect take-up of insurance in the long run.
In companion papers (Polimeni and Levine (2011a) and Polimeni and Levine (2011b)) we nd that those who purchase SKY and those who decline do not differ much on most observable factors, such as education or risk aversion. At the same time, SKY members tend to have had more health problems prior to purchasing SKY, particularly those who paid the full price. By measuring ex-post use of health care services, we provide evidence that SKY members paying the regular price have worse health than those purchasing at the discounted price, over and above what could be observed at the baseline. Speci cally, holding constant measures of health observed at the baseline, SKY members who paid the full price tend to use SKY facilities substantially more than those who purchased SKY with a high coupon. This gap in health care usage is predicted by theories of adverse selection.
These results are relevant to our study, as it means that the health and the expected health care expenses of those who bought SKY with the high coupon (the group of SKY members we analyze) are much more similar to others in their communities than are those who paid full price for SKY.
In addition to limitations of our identi cation strategy, our measures all had limitations.
For example, we did not measure the quality of private care. Thus, it is hard to tell if SKY increased effective care or simply replaced private with public care.
As noted, the study was too small to detect several longer-term outcomes, including changes in health. It bears repeating that "absence of evidence is not evidence of absence," so it is possible that health insurance does lead to long-term bene ts for these outcomes.
This study examines one insurer operating in a few regions of a single nation. We need more studies that rigorously evaluate micro-insurance and other innovations in health care nancing.
The low take-up of voluntary health insurance emphasizes the importance of other programs to increase access to health care for the rural poor (Bitran et al. (2011) ). SKY itself is managing one of Cambodia's health equity funds, which provide free care for the rural poor. It is important to evaluate the impacts of health equity funds and other alternatives as a complement to this evaluation. Ttest clustered at village level. * p < 0.05, ** p < 0.01, *** p < 0.001 * Major shock includes all shocks causing 7 or more days of missed work or death.
VIII. Tables and Figures
Variables measured several months after baseline. Some, especially those marked with t , may be slightly changed since initial SKY take-up. All health incidents are for a death or 7 or more days disabled. Endogenous Variable: Average SKY status for months prior to, during, and post the incident. Instrument : months between incident and meeting, coupon status, and interaction between the two. Days until hospital uses only incidents in Round 2 of data collection. All other outcomes use incidents in Round 1 and Round 2. * p < 0.05, ** p < 0.01, *** p < 0.001 Endogenous variable: Average SKY status for months prior to, during, and after the birth Instrument: months since meeting, coupon status, and interaction of the two. 1: Includes most recent birth 3 or more months after the first possible SKY start date. 2: Using most recent birth after the first possible start date of SKY. 
